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MULTI-MODE RADIO FREQUENCY DEVICE 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

This invention was made with U.S. Government support under 
5 Contract DE-AC06-76RL01830 awarded by the U.S. Department of Energy. The 
U.S. Government has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention pertains to radio frequency identification 
10 devices and, more particularly, to a radio frequency tag configured to operate in 
multiple modes for increased range and capability with more efficient use of power. 

Description of the Related Art 

Radio frequency identification (RFID) devices are utilized in systems 
that include an interrogator for transmitting interrogation signals and receiving 

15 responsive signals therefrom, and transponders that receive the interrogation 
signals and generate the responsive signals. In most systems, the transponders, 
known as "tags," are either powered by a battery for active transmission or are 
powered by the interrogation signal for passive backscattering of a modulated 
signal. Semi-active tags typically operate in a passive mode but they have the 

20 ability to utilize stored energy to modulate the received signal. 

The beam-powered RF tag is often referred to as a passive device 
because it derives the energy needed for its operation from the interrogation signal 
beamed at it. The tag rectifies the field and changes the reflective characteristics 
of the tag itself, creating a change in reflectivity that is seen at the interrogator. A 

25 battery-powered semi-passive RFID tag operates in a similar fashion, modulating 
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battery-powered semi-passive RFID tag operates in a similar fashion, modulating 
its RF cross-section in order to reflect a delta to the interrogator to develop a 
communication link. Here, the battery is the source of the tag's operational power. 
Finally, in the active RF tag, a transmitter is used to generate its own radio 
5 frequency energy powered by the battery. 

Referring to Figure 1 , a typical RF tag system will include an 
interrogator 12 and one or more RF tags 14. The range of communication for such 
tags 14 varies according to the transmission power of the interrogator 12 and the 
type of RF tag 14 used in the system 10. Battery-powered tags operating at 2,450 

10 MHz have traditionally been limited to less than 10 meters in range. However, 
devices with sufficient power can reach up to 200 meters in range, depending on 
the frequency and environmental characteristics. 

Conventional continuous wave backscatter RF tag systems utilizing 
passive RF tags require adequate power from the interrogation signal 20 to power 

15 the internal circuitry in the RF tag 14 that is used to amplitude-modulate the 
response signal 22 back to the interrogator 12. While this is successful for tags 
that are located in close proximity to the interrogator 12, for example less than 3 
meters, this may be insufficient range for some applications, for example, which 
require greater than 100 meters. 

20 Because passive RF tags 14 require the use of power directly from 

the interrogation signal 20, obtaining sufficient power to operate the tags 14 with 
enough sophistication to modify memory, monitor inputs, and control outputs 
dictates that the tags 14 be in close proximity (typically less than 1 meter) to the 
interrogator 12. It would be desirable to have a tag that can be detected at further 

25 distances so it can be located and identified, whereupon one could move closer to 
the tag in order to activate more complex functions in the tag. Conventional tags 
are either very close-range tags with sophisticated circuitry that requires 
substantial power or longer range tags that are very simple tags capable of only 
indicating their presence in an RF field. 
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BRIEF SUMMARY OF THE INVENTION 

In accordance with one embodiment of the invention, a radio 
frequency identification communication device is provided in the form of an RFID 
tag configured to operate in a first mode when at a first distance from a radio 
5 frequency signal source, to operate in a second mode when at a second distance 
that is closer to the radio frequency signal source than the first distance, and to 
operate in third mode when at a third distance that is closer to the radio frequency 
signal source than the second distance. Ideally, the tag is configured to operate in 
a plurality of modes and to change modes of operation in accordance with the 

10 strength of a received radio frequency signal, which is inversely proportional to the 
distance of the tag from the radio frequency signal source. 

In accordance with another embodiment of the invention, a radio 
frequency identification tag is configured to operate in a passive mode for 
backscatter operations and to operate in an active mode for transmission of a radio 

15 frequency signal, the mode of operation selected in response to a received radio 
frequency interrogation signal, and ideally in response to the strength of the 
received interrogation signal. 

In accordance with a further embodiment of the invention, a multiple- 
mode radio frequency tag is provided that incorporates several distinct modes in a 

20 single radio frequency tag architecture. A micro-power oscillator in the tag obtains 
sufficient power from a received signal to oscillate and thus be detectable by a 
reader at great distances. As the tag is brought closer to the reader, a ROM- 
based circuit or other similar circuit obtains sufficient power to disable the oscillator 
and modulate an identification code that is preprogrammed into its memory. As 

25 the tag is moved closer still, a CMOS microcontroller will receive enough power to 
disable the other modes of operation and enable the tag to perfomn tasks such as 
read and write operations, monitoring of external inputs, and controlling external 
outputs. The distances at which the modes change will depend on a number of 
parameters, such as interrogator power, antenna gain, tag size, etc. 
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As will be readily appreciated from the foregoing, a radio frequency 
tag having these features will be useful in many applications. Items can be 
"detected" at great distances. Once the distance is shortened, items can be 
uniquely identified, and at an even closer distance the contents of the tag can be 
5 changed, high-speed communication can commence, and control of external 
Inputs and outputs will be available. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S) 

Figure 1 is a diagram of a conventional radio frequency tag system; 
Figure 2 is a diagram of an active transponder with a backscatter 
10 modulation backup circuit; 

Figure 3 is a diagram of an active transponder with a beam-powered 
backup backscatter circuit; 

Figure 4 is a diagram of a semi-active battery-powered backscatter 
transponder device with a beam-powered backup backscatter modulation circuit; 
15 and 

Figure 5 is a schematic of a communication system formed in 
accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The disclosed embodiments of the invention are directed to radio 

20 frequency communication between a transceiver and a transponder that facilitates 
reading of the transponder in multiple modes of operation, including an active 
transmission mode, a passive backscatter mode, and a semi-passive backscatter 
mode. It is known that an active tag contains five major portions, which are 
memory, logic, modulation control, transmitter, and battery. Typically, it is the 

25 transmitter that consumes the majority of battery energy. 

In one embodiment of the invention, modulation control is enabled for 
an additional portion of the tag, in this case, a passive circuit. Thus, a passive 
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circuit and an active circuit share portions of the same modulation function. 
However, the passive portion Is now enabled much more often or even 
permanently for the backscatter mode of operation. As such, the tag can be read 
at a short range when in a backscatter mode with little or no drain on battery life. 
5 The actual transmitter mode of the transponder is only enabled for actual long- 
range transmissions. 

Turning to Figure 2, shown therein is a transponder 30 having an 
antenna 32 coupled to an active transmitter circuit 34 that is powered by a power 
source 36. The transponder 30 also includes a backscatter circuit 38 powered by 

1 0 the power source 36. The active transmitter circuit 34 and the backscatter circuit 
38 share the antenna 32, and as such these circuits may operate alone or in 
conjunction with each other. In response to an interrogation signal 40, both the 
backscatter circuit 38 and the active transmitter circuit 34 share the modulation 
circuit 42 to generate a responsive signal 44. The power source 36 can be a 

1 5 conventional battery or other charge storage device that provides sufficient power 
to operate both the active transmitter circuit 34 and the backscatter circuit 38 in 
alternative modes of operation, i.e., backscatter mode or active transmitter mode 
or both. The mode of operation can be controlled by the interrogation signal, by an 
outside input such as an environmental condition, by a preprogrammed control 

20 system in the transponder 30, or other known method for mode selection. 

Figure 3 illustrates a transponder 50 having an antenna 52 coupled 
to an active transmitter circuit 54 and a beam-powered backscatter circuit 56, 
which share portions of a modulation circuit 58. Here, a power source 60 provides 
25 power only to the active transmitter circuit 54. The beam-powered backscatter 
circuit 56 receives operational energy from the interrogation signal 62. 

As can be seen in Figure 3, the passive backscatter circuit 56 and 
the active transmitter circuit 54 share portions of the same modulation function, but 
the passive backscatter circuit 56 can be enabled more frequently, or even 
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permanently for short-range communication in a backscatter mode with little or no 
drain on battery lifetime. The active transmitter circuit 54 need only be enabled for 
actual long-range transmissions or in a "tag talk first" situation, such as signaling 
an alamn condition, etc. 
5 Figure 4 illustrates a transponder 70 wherein the antenna 72 is 

coupled to a battery-powered backscatter circuit 74 that in turn is coupled to a 
power source 76. The antenna 72 is further coupled to a beam-powered 
backscatter circuit 78, which shares portions of a modulation circuit 80 with a 
battery-powered backscatter circuit 74. Here, operation of either the beam- 

10 powered backscatter circuit 78 or the batter-powered backscatter circuit 74 may be 
initiated in response to an interrogation signal 82, although other methods of 
determining or selecting modes of operation can be used as discussed above, and 
these two circuits return a backscatter-modulated signal 84. 

Figure 5 illustrates yet another embodiment of the invention in the 

15 fomn of a communication system 90 having a transceiver 92 configured to transmit 
an interrogation signal 94 and a transponder 96 configured to return or transmit a 
second signal 98. In this embodiment, the transponder 96 includes an oscillator 
circuit 100 coupled to an antenna 102 in conjunction with a ROM-based circuit 104 
having a memory 106, and further in conjunction with a CMOS microcontroller 108 

20 having an associated memory 110. This transponder 96 is capable of operating in 
at least three distinct modes of operation and more modes of combined 
operations, all of which are powered from the interrogation signal 94 generated by 
the transceiver 92. 

Thus, the oscillator 100 is preferably a micro-power oscillator that will 

25 obtain sufficient power to oscillate and thus be detectable by the transceiver 92 at 
great distances. As the transponder 96 is brought closer to the transceiver 92, the 
ROM-based circuit 104 is configured to obtain sufficient power at a second 
distance that is closer to the transceiver than the first distance to modulate an 
identification code pre-programmed into its memory. Preferably, the ROM-based 
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circuit 104 deactivates the oscillator 100 so that the modes operate individually 
and distinct from each other. As the distance between the transponder 96 and the 
transceiver 92 is shorter than the second distance described above, the CMOS 
microcontroller 108 will receive sufficient power to enable the transponder 96 to 
5 perform tasks such as read/write operations, monitoring of external inputs, and 
control of external outputs. Preferably the microcontroller 108 will have sufficient 
power to disable the ROM-based circuit 104 to provide a distinct mode of operation 
of the microcontroller 108 only, 

it is to be understood that all mode change distances are dependent 

10 on many parameters, such as transceiver signal power, antenna gain, transponder 
size, and the like. 

Other modes of operation are also possible, such as a combination 
of the oscillator 100 and the ROM-based circuit 104 operating in conjunction with 
each other while the CMOS microcontroller 108 is deactivated. Further 

15 combinations include concurrent operation of the oscillator 100 and the CMOS 
microcontroller 108, or the ROM-based circuit 104 and the CMOS microcontroller 
108, or all three, /.e., the oscillator 100, the ROM-based circuit 104, and the CMOS 
microcontroller 108 all operating at the same time. While it is possible that one or 
more of these circuits can be powered by a stored charge in the transponder 96. 

20 such is not preferred in order to limit the size, weight, and cost of the transponder 
96. 

In the embodiment of Figure 5, a radio frequency tag incorporating 
this design would have many novel applications. For example, items can be 
"detected" at great distances. Once the distance is reduced, such as the 
25 transceiver 92 moving closer to the transponder 96 or vice versa, items can be 
uniquely identified. A closer range of operation enables changing of the contents 
of a memory in the transponder 96, high-speed communications, and control of 
ext rnal inputs and outputs. Thus, the transponder 96 could include one or more 
inputs, one or more outputs, or both to one or more of the oscillator 100, ROM- 
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based circuit 104, and CMOS microcontroller 108 to accomplish the foregoing. For 
example, the microcontroller 108 can have input lines 112 and output lines 114 
configured for external connection via conventional methods or hardware to 
communicate with external devices. 
5 In all of the embodiments, the mode of operation can be selected in 

response to the strength of the interrogation signal. In other words, as the 
distance between the source of the interrogation signal and the transponder is 
decreased, the strength of the signal will increase, resulting in a change of mode of 
operation. Alternatively, the strength of the signal transmitted by a transceiver or 
10 reader could be varied without changing the distance, and the varied signal 
strength will change the mode of operation. In a preferred configuration, the 
transponder operates in a plurality of modes and the modes of operation are 
activated in response to only the strength of the received interrogation or radio 
frequency signal. As such, each mode of operation is activated and deactivated 
1 5 independent of the other modes of operation in response to the strength of the 
received signal. However, while the transponder can be configured to deactivate 
all modes that are not operational, or to activate only one mode of operation at a 
time, other control schemes can be employed. For example, automatic or 
selective operation of two or more of the modes of operation can be accomplished 
20 wherein the return signal has multiple levels or frequencies of data incorporated in 
it, or multiple different signals can be sent, either through the single antenna or 
through individual antennas coupled to the individual circuits. 

All of the above U.S. patents, U.S. patent application publications, 
U.S. patent applications, foreign patents, foreign patent applications and non- 
25 patent publications referred to in this specification and/or listed in the Application 
Data Sheet, are incorporated herein by reference, in their entirety. 

From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of 
illustration, various modifications may be made without deviating from the spirit 
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and scope of the invention. Accordingly, the invention is not limited except as by 
the appended claims. 



9 



